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Description 

. The present invention relates to an apparatus and 
process for shaping and tempering sheets of glass hav- 
ing a complex shape, for use as windows in vehicles. 5 

The shape of the bodywork of a motor vehicle is of 
great importance, not only from an aesthetic point of 
view, but also from an aerodynamic one. In this context, 
it is also necessary that there be no surface discontinu- 
ity which would worsen the vehicle's air penetration 10 
coefficient when in movement. 

For this reason glasses for automobiles in particular 
have taken on complex forms which can only be manu- 
factured in specially produced plants built for the pur- 
pose, is 

industrial plants for shaping and tempering sheets 
of glass with complex forms for use in motor vehicles 
are known from the state of the art 

i i r\ i ii. a. rsnr ^M ^ -t .^l. .... i....u:«L 
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heats the glass, conveyed on rollers, in a horizontal 20 
oven and, again on rollers, transports it to a shaping sta- 
tion; a lower, vertically mobile moid, whose flat surface 
is grooved so as to pass through the rollers transporting 
the glass, lifts the glass from said rollers and carries it 
upwards, until the glass is close enough to be attracted 25 
to said upper mold by means of vacuum suction; when 
shaping has been completed the upper mold allows the 
glass to drop onto a ring-like member, called a shuttle, 
running horizontally, which transports the glass to the 
tempering and cooling station. 30 

The disadvantage in this plant lies mainly in the fact 
that the glass, which is at a high temperature, suffers 
surface deformation due to the long period of contact 
first with the rollers in the shaping area, and then with 
the flat surface of the mold; said surface deformation 35 
causes notable optical faults which are unacceptable in 
the case of said glass being used in motor vehicles. 

U.S. Patent No. 4.508.556 describes a method and 
an apparatus for shaping sheets of glass having com- 
plex shapes. The sheets of glass move along an gase- 40 
ous hearth bed through a horizontal heating oven, 
drawn by transversal bars separated by a given space, 
and reach the shaping station; in this area a hearth 
formed by a gaseous bed takes up the glass and bears 
it in its horizontal movement and, as said hearth has a 45 
suitable downward curve, it curves the glass by gravity 
into a desired shape. A hollow shaping ring, of the con- 
figuration desired, surrounds the gaseous bed and is 
positioned below said bed; when the whole surface of 
the glass is resting on the gaseous bed, the ring lifts it so 
vertically towards a mold, to which the glass is attracted 
by vacuum suction, and which successively deposits 
the glass on a second shuttle carriage ring which car- 
ries it to the tempering and cooling station. 

In this plant there are several disadvantages: first of ss 
ail it is necessary to change, for production of each 
shape, not only the lower ring and the upper mold, but 
also the gaseous hearth bed, which has a curvature 
similar to that of the finished article; the gaseous hearth 



bed must also be changed in relation to the surface 
dimensions of the article, as it must be housed within 
the hollow shaping ring; furthermore the transfer from 
the oven to the shaping station takes place by means of 
intermediate rollers which, given the high temperature 
of the glass, can easily cause surface deformation and 
therefore optical defects. 

The European patent publication EP-A-0.41 5.826 
describes a plant which attempts to overcome the dis- 
advantages deriving from the presence of rollers in the 
curving station, substituting said rollers with a belt of 
suitable, heat-resistant material, placed between a 
lower shaping ring and an upper vacuum moid. 

In this case also there are certain disadvantages, 
deriving mainly from the difficulties in controlling such a 
complex shaping system, and from the fact that pro- 
longed standing of the glass, heated to softening tem- 
perature, on the support belt can easily cause 

ui ipiccioai 11 uptiv^eii uciui 1 1 iauui 10. 

The object of the present invention is that of provid- 
ing an apparatus capable of overcoming the above 
mentioned disadvantages, and capable of manufacture 
at highly competitive production costs. 

The objects of the present invention are obtained by 
means of an apparatus comprising: a horizontal heating 
furnace in which the glass is transported on rollers 
throughout its length; a shaping station, maintained at 
the same temperature as the furnace, provided with an 
air hearth bed to support the glass; a shaping ring which 
is vertically mobile and which lifts the glass from the air 
hearth bed towards the shaping mold; and a second 
hollow ring which lifts the glass from the shaping mold 
and conveys it horizontally towards the tempering noz- 
zles where rapid cooling takes place. 

Use of a roller conveyor in the furnace permits 
greater speed in heating the glass and lower plant 
costs, when compared with an air hearth bed used 
throughout the length of the furnace; in the latter case 
the transversal bars drawing the glass along can cause 
imprints on the glass itself, producing an increase in the 
number of rejects. 

In the shaping station the rollers transporting and 
supporting the glass are substituted by an air bed; this 
bed is obtained by blowing hot air through a number of 
nozzles arranged in such a way as to permit uniform 
support of the sheet of glass and to allow the shaping 
ring to cross the floating level of the glass and position 
itself under said glass. 

The term hot air is intended to mean both heated air 
and a mixture of air and burnt gasses, deriving for 
example from the combustion of methane. 

The height of the nozzles is such as to allow the 
shaping ring, often having a large radius, to descend 
below the floating level; the form, number and arrange- 
ment of the nozzles is such as to allow uniform support 
of the glass, except in correspondence with the area 
which is not provided with nozzles, necessary to allow 
the shaping ring to pass; said area is easily obtained by 
removing the nozzles situated therein and closing the 
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corresponding holes with suitable threaded plugs, said 
nozzles having threaded cylindrical stems so that they 
can be screwed into the holes in a plenum. 

According to a preferred embodiment of the inven- 
tion the internal geometry of the nozzle, capable of 
allowing the passage of air in such a way as to provide 
suitable support to the sheet of glass, is made up of a 
converging channel to decrease the pressure drop 
caused by the inlet; a cylindrical portion with calibrated 
cross-section so as to obtain a substantially constant 
flow rate for each nozzle; a long channel with a larger 
diameter that the preceding cylindrical portion and pref- 
erably diverging so as to slow down the fluid stream; a 
final part with a frusto-conical configuration to provide 
final slowing of the fluid and consequently to give a flat 
flow of pressure at the outlet section of the nozzle. 

The cylindrical portion with calibrated cross-section 
has preferably a diameter from 2 to 8 mm. 

The diameter of the outlet section of the nozzle is 
preferably between 40 to 1 00 mm. 

The supply pressure of air to the nozzles is prefera- 
bly 50 millibar to 1000 millibar, and said pressure can be 
adjusted during the working cycle to values between 
said upper and lower limit in order to vary the distance 
between the sheet of glass and the level of the nozzles 
and/or to optimize the consumption of hot air, which has 
a temperature preferably from 600°C to 700°C. 

The distance of the sheet of glass from the level of 
the nozzles is preferably 0,2 mm to 1 mm, and can vary 
during the working cycle, oscillating between said limit 
values according to the pressure of the air fed into the 
nozzles. 

The nozzles are arranged on the plenum with their 
perpendicular axes at the vertexes of a triangular, or 
square, or rectangular mesh with a pitch such as to 
guarantee in any case adequate discharge space for 
the air between adjacent nozzles, to allow better sup- 
port of the sheet of glass, especially in the case of noz- 
zles with a high diameter outlet section. 

In the vicinity of the areas where the shaping ring 
passes it may be advisable to use nozzles of smaller 
diameter, thus giving coexistence on the same plane of 
nozzles with different outlet section diameters, without 
producing any disturbance in the action of supporting 
the sheet of glass. 

The lower shaping mold is formed by a hollow ring, 
which has no gaps in its profile, supported by metal ties 
which allow the ring to perform a vertical movement 
from the level below the air hearth bed up to the upper 
mold and, later, to return below the floating level of the 
glass until the cycle is repeated. 

The transfer ring is integral with a mold-bearing 
structure capable of performing a reciprocating horizon- 
tal translation to pick up the shaped glass as it is 
released from the upper shaping mold and to transfer it 
to the tempering station. 

Object of the invention is therefore an apparatus for 
shaping and tempering a glass sheet for use in a motor 
vehicle, comprising a heating station including a hori- 



zontal furnace, a shaping station positioned down- 
stream of said heating station including an air bed 
means and an upper shaping mold having a perforated 
shaping surface and a vacuum means for creating suc- 

5 tion through said perforated shaping surface to attract 
the glass sheet thereto, a tempering station positioned 
downstream of said shaping station and including tem- 
pering nozzle means for rapidly cooling the glass sheet, 
a first glass supporting ring for supporting the glass 

w sheet, said glass supporting ring being movable verti- 
cally from a position below said air bed means; ring 
moving means for moving said glass supporting ring 
vertically toward said perforated shaping surface of said 
upper shaping mold and for moving said glass supp- 

75 porting ring horizontally from said shaping station 
toward said tempering station, characterised in that it 
comprises a roller conveyor extending horizontally 
through said furnace for feeding the glass sheet in a 
downstr earn direction through said furnace along a pre- 

20 determined path; said shaping station including said 
bed means in a position immediately adjacent to said 
roller conveyor and having a supporting surface of flat 
configuration for supporting the glass sheet at a floating 
level on said air bed; said first glass supporting ring 

25 being mounted in said shaping station for vertical move- 
ment between a lowered position below said floating 
level and a raised position closer to said perforated 
shaping surface of said upper shaping moid relative to 
said lowered position; a second glass supporting ring 

30 for supporting the glass sheet; ring moving means for 
moving said second glass supporting ring horizontally 
from said shaping station toward said tempering station; 
and said air bed means comprise an air plenum and a 
plurality of upwardly directed air nozzles individually 

35 removable supported by said plenum and in fluid com- 
munication with said plenum to allow air to be supplied 
through said nozzles from said plenum to form said air 
bed, said plenum having a ring-shaped area devoid of 
said nozzles, said ring shaped area corresponding to a 

40 shape of said glass supporting ring to be positioned in 
said ring-shaped area below said floating level, and said 
air nozzles being higher than the thickness and/or the 
radius of curvature of said glass supporting ring to allow 
said ring to be positioned below said floating level of 

45 said air bed. 

The advantages gained by the present invention 
are the following: the glass can remain on a hot air bed 
for a fairly long time without suffering notable deforma- 
tion and thus limiting optical defects, because the air 

so flow is formed so as not to transfer heat and so as not to 
produce localized deformations on the surface of the 
glass; the air bed is flat and can therefore be used what- 
ever the form of the sheet of glass to be curved, thus 
reducing, with respect to the prior art, the costs neces- 

55 sary for change of equipment; the same plane onto 
which the nozzles are screwed is used whatever the 
geometric form of the piece to be shaped may be; the 
shaping ring can cross the floating level of the sheet of 
glass and for this reason no gaps are required on the 
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ring itself, as is necessary when rollers are present. 

Further characteristics and advantages of the 
present invention will become clear from the following 
description, given merely as a non-limiting example with 
reference to the accompanying drawings, in which: 5 

figure 1 shows an overall view of the apparatus 
according to the present invention; 
figure 2 is a vertical cross-section view of the shap- 
ing station; 10 
figure 3 is a top view of the glass support plane and 
the stops; 

figure 4 is a vertical cross-section view of the device 
for producing the air bed; 

figure 5 is a longitudinal cross-section view of the is 
shuttle device for conveying the shaped sheet of 
glass from the shaping station to the tempering sta- 
tion; 

figure 6 is a vertical cross-section view of the shap- 
ing station according to an alternative embodiment 20 
of the apparatus of the present invention. 

The apparatus comprises a heating furnace 1, a 
shaping station 2, a tempering station 3 and a delivery 
station, not shown in the drawings. 25 

According to the present invention the heating fur- 
nace 1 brings the glass up to softening temperature, 
conveying it along a horizontal path formed by a cylindri- 
cal roller bed 4, the movement of which is provided by 
means of an operating mechanism not shown in the fig- 30 
ures. 

The shaping station 2 is situated immediately after 
the horizontal furnace 1. The shaping station is con- 
tained within a hot chamber 12, the walls of which are 
built of refractory material and which is kept at a temper- 35 
ature of approximately 650°C with the aid of electric 
heating elements, not shown in the figures. 

The control devices for the shaping operation are 
situated outside the chamber 12, whereas the equip- 
ment performing said shaping is located inside the 40 
chamber. 

Following immediately the outlet from the furnace 1 , 
on an extension of the roller conveyor for the glass, a 
plenum 5 is arranged within the hot chamber 12, the 
plenum being fed by hot air through a tube 6 and sup- 45 
porting a plurality of nozzles 7, arranged in a suitable 
size and number. 

The group of nozzles 7 generates a supporting air 
bed which forms an extension of the glass conveyor 
formed by rollers 4. The air bed also has a flat surface, so 

A bearing frame 8 supports the plenum 5 within the 
hot chamber 1 2. The frame 8 has two hinges 9 close to 
the outlet from the furnace 1 and on the opposite side 
two mechanical jacks 1 0, moved by means of motor 1 1 , 
which can incline the surface of the feeder plenum by 55 
1°-2° with respect to the horizontal. 

When the ; sheet of glass V is on the air bed, the ple- 
num 5 inclines downward, assisting the glass to slide 
and giving perfect adhesion of the edge of said glass 



against reference stops 45. 

The plenum 5, preferably made of stainless steel, 
has on its upper plate 51 a plurality of threaded bores 
52, arranged density so as not to compromise the 
resistance of the plate, but at the same time allowing 
optimum arrangement of the nozzles according to the 
geometrical form of the sheet of glass to be shaped. 

The nozzles 7 have a first threaded cylindrical por- 
tion 53, to allow them to be screwed into the plate 51 of 
the plenum 5, a second cylindrical portion 54 and a third 
portion 55 with a substantially frusto-conica! shape, and 
they are preferably made of stainless steel, given that 
the temperature in the hot chamber of the shaping sta- 
tion is between 600 and 700°C. 

According to a preferred embodiment of the inven- 
tion the internal geometry of the nozzle, capable of 
allowing a suitable passage of air, is made up of a first 
converging channel 56, a successive cylindrical portion 
with caiibraxed cross-section 57, a cylindrical channel 
58 with a larger diameter than the preceding portion, a 
cylindrical channel 59 with a larger diameter than the 
preceding channel 58 and a final frusto-conical part 60 
to provide final slowing of the fluid. 

The cylindrical portion 57 has preferably a diameter 
from 2 to 8 millimeters. 

The diameter of the outlet section of the nozzle 7 is 
preferably 40 to 100 millimeters. 

The nozzles 7 are arranged on the plenum 5 at the 
vertexes of a square mesh with a pitch such as to guar- 
antee the desired air discharge space. 

In the areas left without nozzles to allow passage of 
the shaping ring 24 the bores 52 are closed by means of 
threaded plugs 61. 

On the side walls of the hot chamber openings are 
formed, said openings being necessary for mainte- 
nance and inspection purposes; furthermore an open- 
ing 13 allows the glass to enter the chamber and 
another opening 14 allows said glass to leave it 

To avoid heat losses, said opening 14 is provided 
with a drop gate 15 which opens in cycle to permit the 
entry and exit of a shuttle 16. 

The upper shaping mold 1 7 is formed by a full mold 
18, shaped and provided with a perforated plane, so as 
to produce a vacuum effect resulting in a suction of the 
glass V, the vacuum being produced using a Venturi 
system, not shown in the figure, which ejects the air 
sucked up through a tube 25. 

The mold 17 is anchored to two support rods 19 
which come out of the hot chamber 12 through pas- 
sages 20 made in the refractory material of the ceiling 
thereof, and which are connected to a mobile frame 21 , 
in its turn moved vertically by an operating mechanism 
23 and a digitally controlled motor 22. 

The vertical movement of the upper mold provides 
the position of the mold itself to be registered in corre- 
spondence with the shaping ring 24. 

An operating mechanism made up of chains 26 and 
motor-winch 27 provides to lift the mobile part of the 
mold, so as to facilitate its extraction when changing 
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equipment 

The hollow shaping ring 24 is supported by ties 33 
so as to perform a vertical movement within the hot 
chamber 12 by means of an operating mechanism and 
a motor not shown in the figures. 

The device 16 performing a reciprocating horizontal 
transfer of the sheet of glass to the tempering station 
from the shaping station, commonly known as a shuttle, 
has at one of its extremities a hollow ring 34 to house 
the sheet of glass V and support it during the quenching 
phase; preferably, unloading of the sheets of glass takes 
place in the same station, making use of a pressure dif- 
ferential between the upper and the lower blower, push- 
ing the glass upward so that it leaves the ring 34, which 
is thus able to go back and load another sheet of glass. 

A support structure 29 supports driving screws 30, 
to which longitudinal guides 28 with an upturned V 
cross-section are fixed. 

Wheels 31 are engaged with the V-shaped guides 
and support the shuttle 16, which is made up of two 
independent side sections kept parallel by the engage- 
ment of the driving screws 30. 

A rack guided system 35 with a parallel bar pre- 
vents oscillation during the horizontal movement. 

The reciprocating horizontal movement of the mold- 
bearing shuttle 16 is generated by means of the driving 
screws 30 engaged with roller wheels 38 connected to 
the side sections of the shuttle itself and pressing elas- 
tically on the thread of the screws 30. The driving 
screws are two in number, one on each side of the 
machine, and they are counter-rotating and have right— 
and left-handed threads, respectively. 

The screws 30 are supported at their ends by self- 
aligning roller bearings 32. 

The screws 30 are activated by means of a toothed 
belt gear 39. 

The group of stops 50 receives the glass V when it 
leaves the furnace, slowing said glass down progres- 
sively as it rests on the air bed formed by the nozzles 7. 

Two support structures 41 , one on each side of the 
machine, hinged at 42, support the carriages 43 which 
are moved by a digitally controlled motor not shown in 
the figures. 

The stop rods 44 and 48 have, at the ends which 
contact the glass V, ceramic wheels 45; the rods them- 
selves are slightly flexible, so as to adapt to the position 
of the plane 5 which can be inclined by 1 or 2 degrees. 

The sheet of glass V is heated to its softening point 
in the furnace 1 as it is carried by the roller bed 4; sub- 
sequently, after leaving the roller bed, conveyed on an 
air hearth bed it is delivered to a first pair of rods 44 
which, extending from the carriages 43, come into con- 
tact with the front edge of the sheet of glass V and slow 
it down, running along guides 41 , situated at the side 
and outside the hot chamber 12, until stopping the sheet 
of glass in a suitable position defined by the shaping 
ring positioned below the floating plane. 

A second pair of rods 48, extending from the car- 
riages 43, intervenes from the sides to center and posi- 



tion the sheet of glass with respect to the shaping ring 
24, which is situated below the floating plane. 

At the moment in which the sheet of glass has been 
finally centered, the ring 24 rises, taking up the sheet of 

5 glass V and conveying it towards the shaping mold 18 
until it is at a distance such as to allow the vacuum cre- 
ated by the mold by means of its perforated plane to 
attract the sheet of glass V, which thus continues to 
bend, taking on the desired shape. 

10 In the meantime the hollow shaping ring 24 returns 
below the floating plane of the sheet of glass ready to 
repeat the cycle. 

When shaping has been completed, the mold 18 
releases the sheet of glass onto the ring 34 of the shut- 

15 tie 1 6, which has positioned itself in the meantime under 
the mold 18, and the shuttle moves rapidly toward the 
tempering station 3 which contains opposite upper noz- 
zles 46 and lower nozzles 47 that perform quenching of 
the shaped' giass V, and which preferably also performs 

20 unloading of the glass. 

After this the shuttle 16 with the ring 34 return to the 
shaping station 2, positioning themselves once more 
under the mold 1 8 to collect another sheet of glass to be 
tempered. 

25 According to an alternative embodiment of the 
apparatus according to the present invention, shown in 
figure 6, the air hearth bed is generated by nozzles 7 fed 
by two separate and adjacent plenums 62 and 63, pref- 
erably of the same size with respect to the axis of sym- 

30 metry of the shaping station. 

The plenums rest on hinges 65 placed close to the 
vertical walls of the hot chamber 12 and on a single strut 
64, preferably situated at the vertical axis of symmetry 
of the shaping station, the hinges 65 belonging to the 

35 support frame 8 which is capable of inclining in the 
direction of movement of the sheet of glass. 

Stops 66 run on guides 67 connected to the two 
plenums 62 and 63. 

The strut 64 rests on a bar 68 capable of being lifted 

40 by mechanical jacks 69 moved by the motor 70, and it is 
suitably hinged to the bar 68. 

The vertical lifting movement of the strut 64, shown 
in the figure in its resting position, is such as to allow the 
two plenums and therefore the air bed to incline by 1° - 

45 2°. 

By this solution an air bed is obtained which is effi- 
cient both when producing large sheets of glass occu- 
pying a substantial part of the air bed itself, and also 
when producing smaller sheets of glass which are 
so worked side-by-side in pairs. 

In the latter case, in fact, the two sheets of glass are 
brought up against the head stops, not shown in the fig- 
ure, by means of a downward inclination of the two ple- 
nums 62 and 63 in the direction of movement of the 
55 glass. The sheets of glass are then brought up to the 
side stops by lifting of the strut 64, which inclines the 
two plenums by 1° - 2° in a transversal direction with 
respect to the direction of movement of the glass, so as 
to slide the sheets against the side stops and thus posi- 
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tion them exactly with respect to the shaping rings 24. 

The advantage of this embodiment consists mainly 
in the fact that the manufacturing apparatus becomes 
capable of producing sheets of glass of varying sizes 
without having to change the air bed plane, thus obtain- 
ing a notable reduction in costs. 

Claims 

1. An apparatus for shaping and tempering a glass 
sheet (V) for use in a motor vehicle, comprising 

a heating station including a horizontal furnace 
(D. 

a shaping station (2) positioned downstream of 
said heating station including an air bed means 
and an upper shaping mold (1 7) having a per- 
forated shaping surface and a vacuum means 
for creating suction through said perforated 
shaping surface to attract the glass sheet 
thereto, 

a tempering station (3) positioned downstream 
of said shaping station and including tempering 
nozzle means for rapidly cooling the glass 
sheet, 

a first glass supporting ring (24) for supporting 
the glass sheet said glass supporting ring (24) 
being movable vertically from a position below 
said air bed means; 

ring moving means (16) for moving said glass 
supporting ring vertically toward said perfo- 
rated shaping surface of said upper shaping 
mold and for moving said glass suppporting 
ring horizontally from said shaping station 
toward said tempering station, 

characterised in that it comprises 
a roller conveyor (4) extending horizontally 
through said furnace for feeding the glass 
sheet in a downstream direction through said 
furnace along a predetermined path; 
said shaping station including said bed means 
in a position immediately adjacent to said roller 
conveyor and having a supporting surface of 
flat configuration for supporting the glass sheet 
at a floating level on said air bed; 
said first glass supporting ring (24) being 
mounted in said shaping station for vertical 
movement between a lowered position below 
said floating level and a raised position closer 
to said perforated shaping surface of said 
upper shaping mold (17) relative to said low- 
ered position; 

a second glass supporting ring (34) for sup- 
porting the glass sheet; 
ring moving means (16) for moving said second 
glass supporting ring horizontally from said 
shaping station toward said tempering station; 
and 

said air bed means comprise an air plenum (5) 



and a plurality of upwardly directed air nozzles 
(7) individually removable supported by said 
plenum and in fluid communication with said 
plenum to allow air to be supplied through said 

5 nozzles from said plenum to form said air bed, 

said plenum having a ring-shaped area devoid 
of said nozzles, said ring shaped area corre- 
sponding to a shape of said glass supporting 
ring (24) to be positioned in said ring-shaped 

10 area below said floating level, and said air noz- 

zles (7) being higher than the thickness and/or 
the radius of curvature of said glass supporting 
ring (24) to allow said ring to be positioned 
below said floating level of said air bed. 

15 

2. An apparatus as claimed in claim 1 , wherein said 
shaping section further includes a frame (8) sup- 
porting said plenum (5), a first end of said frame 

Deing mounxea on a pair ur ninyes5>\»; cinu a oewnu 

20 end of said frame being mounted on mechanical 
jacks (10) for allowing said plenum and said air bed 
to be inclined downwardly in said downstream 
direction. 

25 3. An apparatus as claimed in claim 2, wherein said 
shaping section further includes a stop means (50) 
for stopping the glass sheet in a predetermined 
position on said air bed aligned above said glass 
support ring (24) when said glass support ring is in 

30 said position below said floating level, said stop 
means comprising a first pair of reference stops 
(45). each including a cylinder (43) and a rod (44) 
extending therefrom to contact a front edge of the 
glass sheet, and a second pair of reference stops 

35 (45), each including a cylinder (43) and a rod (48) 
extending therefrom to contact a side edge of the 
glass sheet. 

4. An apparatus as claimed in claim 1, wherein each 
40 of said air nozzles (7) is mounted to said plenum by 
screw threads (53) and includes an upwardly con- 
verging channel (56) in communication with said 
plenum (5), a first cylindrical portion (57) extending 
from said upwardly converging channel and having 
45 a first predetermined cross section for causing a 
substantially constant air flow rate, a second cylin- 
drical portion (58) extending from said first cylindri- 
cal portion and having a second predetermined 
cross section larger than said first predetermined 
so cross section, and a final frustoconically shaped 
portion (60) extending from said second cylindrical 
portion for reducing the air flow rate and forming a 
portion of said air bed. 

55 5. An apparatus as claimed in claim 4, wherein each 
of said air nozzles further includes an upwardly 
diverging portion between said first and second 
cylindrical portions. 



6 



11 



EP0 523 016B1 



12 



6. An apparatus as claimed in claim 1 , wherein each 
of said nozzles (7) includes a portion (57) having a 
cross-sectional diameter of 2 to 8 millimeters. 

7. An apparatus as claimed in claim 1 , wherein each s 
of said nozzles has an air outlet with a cross-sec- 
tional diameter of 40 to 100 millimeters. 

8. An apparatus as claimed in claim 1 , wherein said 

air bed means includes a means for supplying air to 10 
said air nozzles at a pressure of 50 to 100 millibar. 

9. An apparatus as claimed in claim 1 , wherein said 
plenum includes a plurality of threaded nozzle 
engaging means (52) for removably engaging said 15 
plurality of air nozzles and fluidically communicat- 
ing said nozzles with said plenum. 

10. An apparatus "as ciaimed in ciaim"9rfurther com- 
prising threaded plugs (61), removably engaged 20 
with ones of said threaded nozzle engaging means 
(52) disposed in said ring-shaped area, for prevent- 
ing air from escaping from said plenum through 
said ones of said threaded nozzle engaging means 
disposed in said ring-shaped area. 25 

11. An apparatus as recited in claim 10, wherein said 
threaded nozzle engaging means (52) respectively 
comprise internally threaded bores; 

30 

each of said nozzles includes an externally 
threaded cylindrical portion (53) engageable in 
one of said bores; and 

each of said threaded plugs (61) comprises an 
externally threaded plug engageable in one of 35 
said bores. 

12. An apparatus as claimed in any one of the preced- 
ing claims, characterized in that it comprises 

40 

said shaping station including a pair of air bed 
means for supporting one or two glass sheets 
(V) at said floating level on a pair of air beds 
(63) downstrream of said roller conveyor along 
said predetermined path; 45 
a pair of said first glass supporting ring (24) for 
supporting the glass sheets; 
said plenums (62) being positioned adjacent 
one another and symmetrically about a vertical 
axis of symmetry of said shaping station; and so 
a vertically mobile strut (64) arranged on said 
vertical axis of symmetry of said shaping sta- 
tion and supports inner ends of said plenums, 
outer ends of said plenums being supported on 
hinges (65), respectively, such that said pie- 55 
nums are capable of inclination in a transverse 
direction with respect to said predetermined 
path. 



Patentanspruche 

1. Vorrichtung zum Formen und Abschrecken einer 
Glasplatte (V) zur Verwendung in einem Motorfahr- 
zeug, umfassend. 

eine Heizstation, die einen horizontalen Ofen 
(1) einschlieBt, 

eine Formungsstation (2), die stromabwSrts 
der genannten Heizstation angeordnet ist und 
eine Luftbetteinrichtung und eine obere For- 
mungsform (17) einschlieBt, die eine gelochte 
Formungsoberfl£che und eine Unterdruckein- 
richtung zum Erzeugen von Ansaugen durch 
die genannte gelochte FormungsoberflSche 
hindurch aufweist, um die Glasplatte daran 
anzuziehen. 

eine Abschreckstation (3), die stromabw&rts 
der genannten Formungsstation angeordnet 
ist, und eine Abschreckduseneinrichtung zum 
schnelien Abkuhlen der Glasplatte einschlieBt. 

einen ersten Glastragring (24) zum Tragen der 
Glasplatte, wobei der genannte Glastragring 
(24) vertikal von einer Lage unterhalb der 
genannten Luftbetteinrichtung bewegbar ist; 

eine Ringbewegungsvorrichtung (16) zum 
Bewegen des genannten Glastragrings vertikal 
in Richtung zu der genannten gelochten For- 
mungsoberfiSche der genannten oberen For- 
mungsfbrm und zum Bewegen des genannten 
Glastragrings horizontal von der genannten 
Formungsstation in Richtung zu der genannten 
Abschreckstation, 

dadurch gekennzeichnet, daB sie umfafit 

einen WalzenfOrderer (4), der sich horizontal 
durch den genannten Ofen zum Zufuhren der 
Glasplatte in einer stromabwartigen Richtung 
durch den genannten Ofen hindurch entlang 
einem vorbestimmten Weg erstreckt; 

die genannte Formungsstation die genannte 
Betteinrichtung in einer Lage unmittelbar dem 
genannten WalzenfSrderer benachbart ein- 
schlieBt und eine Tragoberfiache flacher Aus- 
gestaltung zum Tragen der Glasplatte auf einer 
SchwimmhOhe auf dem genannten Luftbett 
aufweist; 

der genannte erste Glastragring (24) in der 
genannten Formungsstation zu vertikalen 
Bewegung zwischen einer abgesenkten Lage 
unterhalb der genannten Schwimmhdhe und 
einer angehobenen Position nSher zu der 
genannten gelochten FormungsoberflSche der 
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genannten oberen Formungsform (17) reiativ 
zu der genannten abgesenkten Lage ange- 
bracht ist; 

einen zweiten Glastragring (34) zum Tragen 
der Glaspiatte; 

eine Ringbewegungsvorrichtung (16) zum 
Bewegen des genannten zweiten Glastrag- 
rings horizontal von der genannten Formungs- 
station in Richtung zu der genannten 
Abschreckstation; und 

die genannte Lxiftbetteinrichtung eine Luftsam- 
melkammer (5) und eine Mehrzahl von auf- 
warts gerichteten Luftdusen (7) umfaBt, die 
einzeln entfernbar von der genannten Sammel- 
kammer und in Ruidverbindung mit der 
genannten Sammelkammer gehalten sind, 
dam'rt Luft, die durch die genannten Dusen von 
der genannten Sammeikammer zuzufuhren ist, 
das genannte Luftbett bildet, die genannte 
Sammelkammer einen ringfSrmigen Bereich 
frei von den genannten Dusen aufweist, der 
genannte ringfflrmige Bereich einer Form des 
genannten Glastragrings (24) entspricht, der in 
dem genannten ringfOrmigen Bereich unter- 
halb der genannten SchwimmhOhe angeordnet 
werden soil, und die genannten Luftdusen (7) 
hOher als die Dicke und/oder der Krummungs- 
radius des genannten Glastragrings (24) sind, 
damit der genannte Ring unterhalb der 
genannten SchwimmhOhe des genannten Luft- 
betts angeordnet werden kann. 

Eine Vorrichtung, wie in Anspruch 1 beansprucht, 
worin der genannte Formungsabschnitt ferner ein- 
schlieBt einen Rahmen (8), der die genannte Sam- 
meikammer (5) halt, wobei ein erstes Ende des 
genannten Rahmens an einem Paar von Gelenken 
(9) angebracht ist und ein zweites Ende des 
genannten Rahmens an mechanischen Hebevor- 
richtungen (10) angebracht ist, damit die genannte 
Sammelkammer und das genannte Luftbett 
abwSrts in der genannten stromabwartigen Rich- 
tung geneigt werden kGnnen. 

Eine Vorrichtung, wie in Anspruch 2 beansprucht, 
worin der genannte Formungsabschnitt ferner ein- 
schlieBt eine Anschlageinrichtung (50) zum Anhal- 
ten der Glaspiatte in einer vorbestimmten Lage auf 
dem genannten Luftbett, das oberhalb des genann- 
ten Glastragrings (24) ausgerichtet ist, wenn der 
genannte Glastragring in der genannten Lage 
unterhalb der genannten SchwimmhOhe ist. die 
genannte Anschlageinrichtung ein erstes Paar von 
BezugsanschlSgen (45) umfaBt, von denen jeder 
einen Zylinder (43) und eine Stange (44) ein- 
schlieBt, die sich von dort erstrecken, urn eine Vor- 



derkante der Glaspiatte zu beruhren, und ein 
zweites Paar von Bezugsanschiagen (45), von 
denen jeder einen Zylinder (43) und eine Stange 
(48) einschlieBt, die sich davon erstreckt, urn einen 
5 Seitenrand der Glaspiatte zu beruhren. 

4. Eine Vorrichtung, wie in Anspruch 1 beansprucht, 
worin jede der genannten Luftdusen (7) an der 
genannten Sammelkammer durch Schraubenge- 

w winde (53) befestigt ist und einen sich aufwarts ver- 
jQngenden Kanal (56) in Verbindung mit der 
genannten Sammelkammer (5), einen ersten zylin- 
drischen Abschnitt (57). der sich von dem genann- 
ten sich aufwarts verjungenden Kanal erstreckt und 

is einen ersten vorbestimmten Querschnitt aufweist, 
um eine im wesentiichen konstante LuftstrOmungs- 
geschwindigkeit hervorzurufen, einen zweiten, 
zylindrischen Abschnitt (58), der sich von dem 
genannten ersten, zyiindrischen Abschniii ersirecki 

20 und einen zweiten, vorbestimmten Querschnitt gr6- 
Ber als der genannte erste, vorbestimmte Quer- 
schnitt aufweist und einen kegelstumpfffirmigen 
Endabschnitt (60) einschlieBt, der sich von dem 
genannten zweiten, zylindrischen Abschnitt 

25 erstreckt, um die LuftstrOmungsgeschwindigkeit zu 
verringern und einen Abschnitt des genannten Luft- 
betts zu bilden. 

5. Eine Vorrichtung, wie in Anspruch 4 beansprucht, 
30 worin jede der genannten Luftdusen ferner einen 

sich aufwarts erweiternden Abschnitt zwischen 
dem genannten ersten und zweiten zylindrischen 
Abschnitt einschlieBt. 

35 6. Eine Vorrichtung, wie in Anspruch 1 beansprucht, 
worin jede der genannten Dusen (7) einen 
Abschnitt (57) einschlieBt, der einen Querschnitts- 
durchmesser von 2 bis 8 Millimetem aufweist. 

40 7. Eine Vorrichtung. wie in Anspruch 1 beansprucht, 
worin jede der genannten Dusen einen LuftauslaB 
mit einem Querschnittsdurchmesser von 40 bis 100 
Millimeter aufweist. 

45 8. Eine Vorrichtung, wie in Anspruch 1 beansprucht, 
worin die genannte Luftbetteinrichtung einer Ein- 
richtung zum Zufuhren von Luft zu den genannten 
Luftdusen bei einem Druck von 50 bis 100 Millibar 
einschlieBt. 

50 

9. Eine Vorrichtung, wie in Anspruch 1 beansprucht, 
worin die genannte Sammelkammer eine Mehrzahl 
von mit Gewinde versehenen DOseneingriffsein- 
richtungen (52) zum entfernbaren Eingrrff der 

55 genannten Mehrzahl von Luftdusen an der und zum 
f luidmaBigen Verbinden der genannten Dusen mit 
der genannten Sammelkammer einschlieBt. 

10. Eine Vorrichtung, wie in Anspruch 9 beansprucht, 
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die ferner Gewindestopfen (61) umfaBt. die entfern- 
bar mit welchen der genannten mit Gewinde verse- 
henen Duseneingr'rffseinrichtungen (52) in Eingriff 
sind, die in den genannten ringfOrmigen Bereich 
angeordnet sind, urn Luft daran zu hindern, von der 5 
genannten Sammelkammer durch die genannten 
der genannten mit Gewinde versehenen DGsenein- 
griffseinrichtungen zu entweichen, die in dem 
genannten ringfOrmigen Bereich angeordnet sind. 

10 

11. Eine Vorrichtung, wie in Anspruch 10 angegeben, 
worin die genannten mit Gewinde versehenen 
Duseneingriffseinrichtungen (52) jeweils Innenge- 
windebohrungen umfassen; 

15 

jede der genannten Dusen einen zylindrischen 
AuBengewindeabschnrtt (53) einschlieBt, der in 
eine der genannten Bohrungen eingreifbar ist; 
und 

20 

jede der genannten Gewindestopfen (61) einen 
Stopfen mit AuBengewinde umfaBt, der in eine 
der genannten Bohrungen eingreifbar ist. 

12. Eine Vorrichtung, wie in irgendeinem der vorherge- 25 
henden Anspruche beansprucht, dadurch 
gekennzeichnet, daB sie umfaBt 

die genannte Formungsstation, die ein Paar 
Luftbetteinrichtungen zum Tragen von einer 30 
oder zwei Glasplatten (V) auf der genannten 
SchwimmhShe auf einem Paar von Luftbetten 
(63) stromabwSrts des genannten Walzenfdr- 
derers zusammen mit dem genannten vorbe- 
stimmten Weg einschlieBt; 35 

ein Paar des genannten ersten Giastragerings 
(24) zum Tragen der Glasplatten; 

die genannten Sammelkammern (62) nahe 40 
einander und symmetrisch zu einer vertikalen 
Symmetrieachse der genannten Formungssta- 
tion angeordnet sind; und 

eine vertikal bewegbare Strebe (64) auf der 45 
genannten vertikalen Symmetrieachse der 
genannten Formungsstation angeordnet ist 
und innere Enden der genannten Sammelkam- 
mern halt, wobei die duBeren Enden der 
genannten Sammelkammern an Gelenken (65) so 
jeweils gehalten sind, so daB die genannten 
Sammelkammern einer Neigung in einer Quer- 
richtung in bezug auf den genannten vorbe- 
stimmten Weg f&hig sind. 

55 

Revendications 

1 . Dispositif pour ie formage et la trempe d'une feuille 
de verre (V), destinSe a ['utilisation dans un v6hi- 



cule automobile, comprenant 

un poste de chauffage comportant un four hori- 
zontal (1), 

un poste de formage (2), positioning en aval du 
poste de chauffage comprenant un lit cfair et un 
moule de formage sup6rieur (17) avec une sur- 
face de formage perforce et des moyens de 
mise sous vide pour cr6er {'aspiration & travers 
la surface de formage perforce pour y attirer la 
feuille de verre, 

un poste de trempe (3) positionn§ en aval du 
poste de formage et comprenant un moyen de 
tuyere de trempe destin§ k refroidir rapidement 
la feuille de verre, 

un premier anneau de support de verre (24) 
pour supporter la feuille de verre, cet anneau 
de support de verre (24) §tant mobile verticale- 
ment k partir d'une position situ6e au-dessous 
du lit d'air ; 

des moyens de d6placement d'anneau (16) 
pour deplacer I'anneau de support de verre 
verticalement en direction de la surface de for- 
mage perforce du moule de formage sup6rieur 
et pour deplacer I'anneau de support de verre 
horizontalement k partir du poste de formage 
vers le poste de trempe, 

caract£ris€ en ce quit comprend 
un transporter k rouleaux (4) s'etendant hori- 
zontalement k travers le four pour amener la 
feuille de verre vers Taval k travers le four le 
long d'un circuit pr6d6termin£ ( 
le poste de formage comprenant un lit dans 
une position imm§diatement contigu€ au trans- 
porteur k rouleaux et ayant une surface de sup- 
port de configuration plate pour recevoir la 
feuille de verre k un niveau de f lottement sur le 
lit d'air ; 

le premier anneau de support de feuille de 
verre (24) gtant mortte dans le poste de for- 
mage pour le mouvement vertical entre une 
position abaiss£e au-dessous du niveau de 
flottement et une position relevge plus proche 
de la surface de formage perforce du moule de 
formage sup6rieur (1 7) par rapport k la position 
abaiss£e ; 

un second anneau supportant le verre (34) 
pour supporter la feuille de verre ; 
des moyens de d^placement d'anneau (16) 
pour dgplacer le second anneau supportant le 
verre horizontalement k partir du poste de for- 
mage vers le poste de trempe ; et 
le lit d'air comprend un collecteur d'air (5) et 
plusieurs tuyeres d'air dirig€es vers le haut (7) 
supposes de fagon individuellement arnovible 
par le collecteur d'air et en communication de 
fluide avec le collecteur d'air pour permettre 
I'alimentation d'air k travers les tuyeres k partir 
de ce collecteur d'air et pour former le lit d'air, 
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ce collecteur d'air ayant une surface annulaire 
exempte de tuyeres, cette surface annulaire 
correspondant k une forme d'anneau suppor- 
tant le verre (24) k positionner dans la surface 
annulaire au-dessous du niveau de flottement 
et les tuyeres d'air (7) etarrt k un niveau sup6- 
rieur k I'epaisseur et/ou aux rayons de courbe 
de I'anneau de support de verre (24) pour per- 
mettre le positionnement de cet anneau au- 
dessous du niveau de flottement du lit d'air. 

2. Appareil seion la revendication 1, dans tequel la 
section de formage comprend de plus un chassis 
(8) supportant le collecteur d'air (5), une premiere 
extremrte du chassis etant montee sur une paire 
d'articulations (9) et une seconde extremite du 
chassis etant mont6e sur des v£rins mecaniques 
(10) permettant llnclinaison vers le bas du collec- 
teur d'air et du lit d'air vers ('aval. 

3. Appareil selon la revendication 2, dans lequel la 
section de formage comprend de plus des moyens 
d'arr§t (50) pour immobiliser la feuille de verre dans 
une position pr6d6terminee sur le lit d'air aligns au- 
dessus de i'anneau de support de verre (24) lors- 
que I'anneau de support de verre se trouve dans la 
position au-dessous du niveau de flottement, ces 
moyens d'arrit comprenant une premiere paire de 
butees de reference (45), chaque but§e incorporant 
un v€rin (43) et une tige (44) s'etendant £ partir de 
celui-ci pour venir en contact avec le bord frontal de 
la feuille de verre et une seconde paire de but&es 
de reference (45), chaque butee comprenant un 
v6rin (43) et une tige (48) s'etendant & partir de 
celui-ci pour venir en contact avec le bord lateral de 
la feuille de verre. 

4. Appareil selon la revendication 1 , dans lequel cha- 
cune des tuyeres d'air (7) est montee sur le collec- 
teur d'air par vissage (53) et comprend un canal 
convergeant vers le haut (56) en communication 
avec le collecteur d'air (5), une premiere portion 
cylindrique (57) s'etendant k partir du canal conver- 
geant vers le haut et presentant une section trans- 
versale predeterminee pour assurer un debit d'air 
sensiblement constant, une seconde portion cylin- 
drique (58) s'etendant k partir de la premiere por- 
tion cylindrique ayant une seconde section 
transversale pred6termin6e plus grande que la pre- 
miere section transversale predetermine et une 
portion tronconique finale (60) s'etendant k partir 
de la seconde portion cylindrique pour rgduire le 
debit d'air et formant une portion du lit d'air. 

5. Appareil selon la revendication 4, dans lequel cha- 
cune des tuyeres d'air comprend de plus une por- 
tion divergeant vers le haut entre les premiere et 
seconde portions cylindriques. 



6. Appareil selon la revendication 1 , dans lequel cha- 
que tuyere (7) comprend une portion (57) avec un 
diam&tre de section transversale de 2 k 8 millime- 
tres. 

5 

7. Appareil selon la revendication 1 , dans lequel cha- 
que tuyere presente une sortie d'air ayant un dia- 
m&tre de section transversale de 40 k 100 
millimetres. 

10 

8. Appareil selon la revendication 1, dans lequel le lit 
d'air comprend des moyens pour amener I'air aux 
tuyeres d'air k une pression de 50 k 100 millibars. 

is 9. Appareil selon la revendication 1, dans lequel le 
collecteur d'air comprend plusieurs moyens d'enga- 
gement f ilet6s (52) pour les tuyeres permettant de 
morrter par vissage la plurality de tuyeres d'air de 
fagon amovibie et mettre en communication ie 

20 fluide de celles-ci avec le collecteur d'air. 

10. Appareil selon la revendication 9, comprenant de 
plus des bouchons filetes (61), engages de fagon 
amovibie avec des moyens d'engagement filetes 
25 (52) des tuyeres disposes dans la surface annulaire 
pour emp§cher I'air de s'echapper du collecteur par 
certains des moyens d'engagement filetes des 
tuyeres disposes dans la zone annulaire. 

30 11. Appareil selon la revendication 10, dans lequel les 
moyens d'engagement filetes (52) des tuyeres 
comprennent respectivement des alesages filetes k 
llnterieur ; 

35 chaque tuyere comprend une portion cylindri- 

que filet6e k I'ext6rieur (53) pouvant s'engager 
dans I'un des alesages ; et 
chaque bouchon filete (61) comprend un bou- 
chon filete exterieurement pouvant s'engager 

40 dans I'un des alesages. 

12. Appareil selon I'une quelconque des revendications 
precedentes, caracterise en ce qu'il comprend 

45 le poste de formage comprenant une paire de 

life d'air pour supporter une ou deux feuilles de 
verre (V) au niveau de flottement sur une paire 
de lits d'air f (63) en aval du transporter k rou- 
leaux le long d'un circuit predetermine ; 

so une paire de premiers anneaux de support de 

verre (24) pour supporter les feuilles de verre ; 
les collecteurs d'air (62) etant positionnes de 
fagon contigu© entre eux et symetriquement 
autour d'un axe vertical de symetrie du poste 

55 de formage ; et 

un longeron mobile verticalement (64) dispose 
sur I'axe vertical de symetrie du poste de for- 
mage et qui supporte les extremes internes 
des collecteurs d'air, les extremites exterieures 
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des collecteurs d'air §tant respectivement mon- 
tees sur des articulations (65) de telle sorte 
que les collecteurs d'air peuvent §tre inclines 
dans une direction transversale par rapport au 
circuit pr6d§termin6. 5 
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The present invention relates to an apparatus and 
process for shaping and tempering sheets of glass 
having a complex shape, for use as windows in vehi- 
cles. 

The shape of the bodywork of a motor vehicle is 5 
of great importance, not only from an aesthetic point 
of view, but also from an aerodynamic one. In this con- 
text, it is also necessary that there be no surface dis- 
continuity which would worsen the vehicle's air pene- 
tration coefficient when in movement. 1 o 

For this reason glasses for automobiles in partic- 
ular have taken on complex forms which can only be 
manufactured in specially produced plants built for the 
purpose. 

Industrial plants for shaping and tempering 15 
sheets of glass with complex forms for use in motor 
vehicles are known from the state of the art 

U.S. Patent No. 4.285.715 describes a plant 
which heats the glass, conveyed on rollers, in a hori- 
zontal oven and, again on rollers, transports it to a 20 
shaping station; a lower, vertically mobile mold, 
whose flat surface is grooved so as to pass through 

thp mil ore francnArHn/i fho nt^n i:**— *.u _ _i *. 
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said rollers and carries it upwards, until the glass is 
close enough to be attracted to said upper mold by 25 
means of vacuum suction; when shaping has been 
completed the upper mold allows the glass to drop 
onto a ring-like member, called a shuttle, running hor- 
izontally, which transports the glass to the tempering 
and cooling station. $0 

The disadvantage in this plant lies mainly in the 
fact that the glass, which is at a high temperature, suf- 
fers surface deformation due to the long period of 
contact first with the rollers in the shaping area, and 
then with the flat surface of the mold; said surface de- 35 
formation causes notable optical faults which are un- 
acceptable in the case of said glass being used in mo- 
tor vehicles. 

U.S. Patent No. 4.508.556 describes a method 
and an apparatus for shaping sheets of glass having 40 
complex shapes. The sheets of glass move along an 
gaseous hearth bed through a horizontal heating 
oven, drawn by transversal bars separated by a given 
space, and reach the shaping station; in this area a 
hearth formed by a gaseous bed takes up the glass 45 
and bears it in its horizontal movement and, as said 
hearth has a suitable downward curve, it curves the 
glass by gravity into a desired shape. A hollow shap- 
ing ring, of the configuration desired, surrounds the 
gaseous bed and is positioned below said bed; when 50 
the whole surface of the glass is resting on the gas- 
eous bed, the ring lifts it vertically towards a mold, to 
which the glass is attracted by vacuum suction, and 
which successively deposits the glass on a second 
shuttle carriage ring which carries it to the tempering 55 
and cooling station. 

In this plant there are several disadvantages: first 
of all it is necessary to change, for production of each 



shape, not only the lower ring and the upper mold, but 
also the gaseous hearth bed, which has a curvature 
similar to that of the finished article; the gaseous 
hearth bed must also be changed in relation to the 
surface dimensions of the article, as it must be 
housed within the hollow shaping ring; furthermore 
the transfer from the oven to the shaping station takes 
place by means of intermediate rollers which, given 
the high temperature of the glass, can easily cause 
surface deformation and therefore optical defects. 

The European patent application EP 415.826 de- 
scribes a plant which attempts to overcome the disad- 
vantages deriving from the presence of rollers in the 
curving station, substituting said rollers with a belt of 
suitable, heat-resistant material, placed between a 
lower shaping ring and an upper vacuum mold. 

In this case also there are certain disadvantages, 
deriving mainly from the difficulties in controlling such 
a complex shaping system, and from the fact that pro- 
longed standing of the glass, heated to softening tem- 
perature, on the support belt can easily cause un- 
pleasant optical deformations. 

The object of the present Invention is that of pro- 
viding an apparatus capable of overcoming the above 
mentioned disadvantages, and capable of manufac- 
ture at highly competitive production costs. 

The objects of the present invention are obtained 
by means of an apparatus comprising: a horizontal 
heating furnace in which the glass is transported on 
rollers throughout its length; a shaping station, main- 
tained at the same temperature as the furnace, pro- 
vided with an air hearth bed to support the glass; a 
shaping ring which is vertically mobile and which lifts 
the glass from the air hearth bed towards the shaping 
mold; and a second hollow ring which lifts the glass 
from the shaping mold and conveys it horizontally to- 
wards the tempering nozzles where rapid cooling 
takes place. 

Use of a roller conveyor in the furnace permits 
greater speed in heating the glass and lower plant 
costs, when compared with an air hearth bed used 
throughout the length of the furnace; in the latter case 
the transversal bars drawing the glass along can 
cause imprints on the glass itself, producing an in- 
crease in the number of rejects. 

In the shaping station the rollers transporting and 
supporting the glass are substituted by an air bed; this 
bed is obtained by blowing hot air through a number 
of nozzles arranged in such a way as to permit uni- 
form support of the sheet of glass and to allow the 
shaping ring to cross the floating level of the glass and 
position itself under said glass. 

The term hot air is intended to mean both heated 
air and a mixture of air and burnt gasses, deriving for 
example from the combustion of methane. 

The height of the nozzles is such as to allow the 
shaping ring, often having a large radius, to descend 
below the floating level; the form, number and ar- 
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rangement of the nozzles is such as to allow uniform 
support of the glass, except in correspondence with 
the area which is not provided with nozzles, neces- 
sary to allow the shaping ring to pass; said area is 
easily obtained by removing the nozzles situated 
therein and closing the corresponding holes with suit- 
able threaded plugs, said nozzles having threaded 
cylindrical stems so that they can be screwed into the 
holes in a plenum.. 

According to a preferred embodiment of the in- 
vention the internal geometry of the nozzle, capable 
of allowing the passage of air in such a way as to pro- 
vide suitable support to the sheet of glass, is made up 
of a converging channel to decrease the pressure 
drop caused by the inlet; a cylindrical portion with cali- 
brated cross-section so as to obtain a substantially 
constant flow rate for each nozzle; a long channel with 
a larger diameter that the preceding cylindrical portion 
and preferably diverging so as to slow down the fluid 
stream; a final part with a frusto-conical configuration 
to provide final slowing of the fluid and consequently 
to give a flat flow of pressure at the outlet section of 
the nozzie. 

The cylindrical portion with calibrated cross- 
section has preferably a diameter from 2 to 8 mm. 

The diameter of the outlet section of the nozzle is 
preferably between 40 to 100 mm. 

The supply pressure of air to the nozzles is pre- 
ferably 50 millibar to 1000 millibar, and said pressure 
can be adjusted during the working cycle to values be- 
tween said upper and lower limit in order to vary the 
distance between the sheet of glass and the level of 
the nozzles and/or to optimize the consumption of hot 
air, which has a temperature preferably from 600°C to 
700°C. 

The distance of the sheet of glass from the level 
of the nozzles is preferably 0,2 mm to 1 mm, and can 
vary during the working cycle, oscillating between 
said limit values according to the pressure of the air 
fed into the nozzles. 

The nozzles are arranged on the plenum with 
their perpendicular axes at the vertexes of a triangu- 
lar, or square, or rectangular mesh with a pitch such 
as to guarantee in any case adequate discharge 
space for the air between adjacent nozzles, to allow 
better support of the sheet of glass, especially in the 
case of nozzles with a high diameter outlet section. 

In the vicinity of the areas where the shaping ring 
passes it may be advisable to use nozzles of smaller 
diameter, thus giving coexistence on the same plane 
of nozzles with different outlet section diameters, 
without producing any disturbance in the action 
of,supporting the sheet of glass. 

The lower shaping mold is formed by a hollow 
ring, which has no gaps in its profile, supported by 
metal ties which allow the ring to perform a vertical 
movement from the level below the air hearth bed up 
to the upper mold and, later, to return below the float- 



ing level of the glass until the cycle is repeated. 

The transfer ring is integral with a mold-bearing 
structure capable of performing a reciprocating hori- 
zontal translation to pick up the shaped glass as it is 

5 released from the upper shaping mold and to transfer 
it to the tempering station. 

Object of the invention is therefore an apparatus 
for the shaping and tempering of sheets of glass hav- 
ing a complex shape, for use as glazing in motor ve- 
to hides, comprising a heating station formed by a hor- 
izontal furnace, a shaping station immediately follow- 
ing said heating furnace and provided with a lower 
shaping ring and with an upper shaping mold, posi- 
tioned above and below with respect to the plane on 

15 which the sheets of glass move, a tempering station 
provided with tempering nozzles to effect the rapid 
cooling of said sheets of glass after shaping and with 
means for conveying and supporting said sheets of 
glass, characterized in that said means comprise, fol- 

20 lowing the direction of movement of the sheets of 
glass: cylindrical rollers for conveying and supporting 
the sheets inside the heating furnace , an air hearth 
bed for supporting the sheets in the shaping station, 
and a hollow ring for transportation in the shaping sta- 

25 tion through a vertical movement towards an upper 
shaping mold, a hollow ring for transportation of the 
sheets through a reciprocating horizontal movement 
towards the tempering station and for support of the 
sheets during the tempering operation. 

30 A further object of the invention is a process for 

the shaping and tempering of sheets of glass having 
complex forms, for use as windscreens for motor ve- 
hicles, comprising a heating step to heat the sheet of 
glass, a shaping step and a tempering step, charac- 

35 terized in that the,sheet of glass moves, during the 
heating step, along a cylindrical roller bed, and on an 
air hearth bed, immediately after leaving the furnace, 
then during the shaping stage on a shaping ring which 
conveys it vertically toward the upper shaping mold, 

40 and after shaping on a ring which conveys it horizon- 
tally to the tempering station and supports it during 
the tempering step. 

The advantages gained by the present invention 
are the following: the glass can remain on a hot air bed 

45 for a fairly long time without suffering notable defor- 
mation and thus limiting optical defects, because the 
air flow is formed so as not to transfer heat and so as 
not to produce localized deformations on the surface 
of the glass; the air bed is flat and can therefore be 

50 used whatever the form of the sheet of glass to be 
curved, thus reducing, with respect to the prior art, the 
costs necessary for change of equipment the same 
plane onto which the nozzles are screwed is used 
whatever the geometric form of the piece to be shap- 

55 ed may be; the shaping ring can cross the floating lev- 
el of the sheet of glass and for this reason no gaps are 
required on the ring itself, as is necessary when roll- 
ers are present 



5 



EP 0 523 016 A2 



6 



Further characteristics and advantages of the 
present invention will become clear from the following 
description, given merely as a non-limiting example 
with reference to the accompanying drawings, in 
which: 

figure 1 shows an overall view of the apparatus 
according to the present invention; 
figure 2 is a vertical cross-section view of the 
shaping station; 

figure 3 is a top view of the glass support plane 
and the stops; 

figure 4 is a vertical cross-section view of the de- 
vice for producing the air bed; 
figure 5 is a longitudinal cross-section view of the 
shuttle device for conveying the shaped sheet of 
glass from the shaping station to the tempering 
station; 

figure 6 is a vertical cross-section view of the 
shaping station according to an alternative em- 
bodiment of the apparatus of the present inven- 
tion. 

The apparatus comprises a heating furnace 1, a 
shaping station 2, a tempering station 3 and a delivery 
station, not shown in the drawings. 

According to the present invention the heating 
furnace 1 brings the glass up to softening tempera- 
ture, conveying it along a horizontal path formed by a 
cylindrical roller bed 4, the movement of which is pro- 
vided by means of an operating mechanism not 
shown in the figures. 

The shaping station 2 is situated immediately af- 
ter the horizontal furnace 1. The shaping station is 
contained within a hot chamber 12, the walls of which 
are built of refractory material and which is kept at a 
temperature of approximately 650°C with the aid of 
electric heating elements, not shown in the figures. 

The control devices for the shaping operation are 
situated outside the chamber 12, whereas the equip- 
ment performing said shaping is located inside the 
chamber. 

Following immediately the outlet from the furnace 
1 . on an extension of the roller conveyor for the glass, 
a plenum 5 is arranged within the hot chamber 12, the 
plenum being fed by hot air through a tube 6 and sup- 
porting a plurality of nozzles 7, arranged in a suitable 
size and number. 

The group of nozzles 7 generates a supporting air 
bed which forms an extension of the glass conveyor 
formed by rollers 4. The air bed also has a flat sur- 
face. 

A bearing frame 8 supports the plenum 5 within 
the hot chamber 12. The frame 8 has two hinges 9 
close to the outlet from the furnace 1 and on the op- 
posite side two mechanical jacks 1 0, moved by means 
of motor 11, which can incline the surface of the feed- 
er plenum by 1°-2° with respect to the horizontal. 

When the sheet of glass V is on the air bed, the 
plenum 5 inclines downward, assisting the glass to 



slide and giving perfect adhesion of the edge of said 
glass against reference stops 45. 

The plenum 5, preferably made of stainless steel, 
has on its upper plate 51a plurality of threaded bores 
5 52, arranged density so as not to compromise the re- 
sistance of the plate, but at the same time allowing op- 
timum arrangement of the nozzles according to the 
geometrical form of the sheet of glass to be shaped. 
The nozzles 7 have a first threaded cylindrical 
10 portion 53, to allow them to be screwed into the plate 
51 of the plenum 5, a second cylindrical portion 54 
and a third portion 55 with a substantially frusto-con- 
ical shape, and they are preferably made of stainless 
steel, given that the temperature in the hot chamber 
15 of the shaping station is between 600 and 700°C. 

According to a preferred embodiment of the in- 
vention the internal geometry of the nozzle, capable 
of allowing a suitable passage of air, is made up of a 
first converging channel 56, a successive cylindrical 
20 portion with calibrated cross-section 57, a cylindrical 
channel 58 with a larger diameter than the preceding 
portion, a cylindrical channel 59 with a larger diameter 
than the preceding channel 58 and a final frusta-con- 
ical part 60 to provide final slowing of the fluid. 
25 The cylindrical portion 57 has preferably a diam- 

eter from 2 to 8 millimeters. 

The diameter of the outlet section of the nozzle 7 
is preferably 40 to 100 millimeters. 

The nozzles 7 are arranged on the plenum 5 at 
30 the vertexes of a square mesh with a pitch such as to 
guarantee the desired air discharge space. 

In the areas left without nozzles to allow passage 
of the shaping ring 24 the bores 52 are closed by 
means of threaded plugs 61 . 
35 On the side walls of the hot chamber openings are 

formed, said openings being necessary for mainte- 
nance and inspection purposes; furthermore an 
opening 1 3 allows the glass to enter the chamber and 
another opening 14 allows said glass to leave it. 
40 To avoid heat losses, said opening 14 is provided 

with a drop gate 1 5 which opens in cycle to permit the 
entry and exit of a shuttle 16. 

The upper shaping mold 17 is formed by a full 
mold 18, shaped and provided with a perforated 
45 plane, so as to produce a vacuum effect resulting in 
a suction of the glass V, the vacuum being produced 
using a Venturi system, not shown in the figure, which 
ejects the air sucked up through a tube 25. 

The mold 17 is anchored to two support rods 19 
50 which come out of the hot chamber 12 through pas- 
sages 20 made in the refractory material of the ceiling 
thereof, and which are connected to a mobile frame 
21, in its turn moved vertically by an operating mech- 
anism 23 and a digitally controlled motor 22. 
55 The vertical movement of the upper mold pro- 

vides the position of the mold itself to be registered in 
correspondence with the shaping ring 24. 

An operating mechanism made up of chains 26 
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and motor-winch 27 provides to lift the mobile part of 
the mold, so as to facilitate its extraction when chang- 
ing equipment. 

The hollow shaping ring 24 is supported by ties 
33 so as to perform a vertical movement within the hot 5 
chamber 12 by means of an operating mechanism 
and a motor not shown in the figures. 

The device 16 performing a reciprocating hori- 
zontal transfer of the sheet of glass to the tempering 
station from the shaping station, commonly known as 10 
a shuttle, has at one of its extremities a hollow ring 34 
to house the sheet of glass V and support it during the 
quenching phase; preferably, unloading of the sheets 
of glass takes place in the same station, making use 
of a pressure differential between the upper and the 15 
lower blower, pushing the glass upward so that it 
leaves the ring 34, which is thus able to go back and 
load another sheet of glass. 

A support structure 29 supports driving screws 
30, to which longitudinal guides 28 with an upturned 20 
V cross-section are f ixed. 

Wheels 31 are engaged with the V-shaped guides 
and support the shuttle 16, which is made up of two 
independent side sections kept parallel by the en- 
gagement of the driving screws 30. 25 

A rack guided system 35 with a parallel bar pre- 
vents oscillation during the horizontal movement 

The reciprocating horizontal movement of the 
mold-bearing shuttle 16 is generated by means of the 
driving screws 30 engaged with roller wheels 38 con- 30 
nected to the side sections of the shuttle itself and 
pressing elastically on the thread of the screws 30. 
The driving screws are two in number, one on each 
side of the machine, and they are counter-rotating and 
have right-and left-handed threads, respectively. 35 

The screws 30 are supported at their ends by self- 
aiigning roller bearings 32. 

The screws 30 are activated by means of a tooth- 
ed belt gear 39. 

The group of stops 50 receives the glass V when 40 
it leaves the furnace, slowing said glass down pro- 
gressively as it rests on the air bed formed by the noz- 
zles 7. 

Two support structures 41, one on each side of 
the machine, hinged at 42, support the carriages 43 45 
which are moved by a digitally controlled motor not 
shown in the figures. 

The stop rods 44 and 48 have, at the ends which 
contact the glass V, ceramic wheels 45; the rods 
themselves are slightly flexible, so as to adapt to the so 
position of the plane 5 which can be inclined by 1 or 
2 degrees. 

The sheet of glass V is heated to its softening 
point in the furnace 1 as it is carried by the roller bed 
4; subsequently, after leaving the roller bed, con- 55 
veyed on an air hearth bed it is delivered to a first pair 
of rods 44 which, extending from the carriages 43, 
come into contact with the front edge of the sheet of 



glass V and slow it down, running along guides 4 1 , sit- 
uated at the side and outside the hot chamber 1 2, until 
stopping the sheet of glass in a suitable position de- 
fined by the shaping ring positioned below the floating 
plane. 

A second pair of rods 48, extending from the car- 
riages 43, intervenes from the sides to center and 
position the sheet of glass with respect to the shaping 
ring 24, which is situated below the floating plane. 

At the moment in which the sheet of glass has 
been finally centered, the ring 24 rises, taking up the 
sheet of glass V and conveying it towards the shaping 
mold 1 8 until it is at a distance such as to allow the va- 
cuum created by the mold by means of its perforated 
plane to attract the sheet of glass V, which thus con- 
tinues to bend, taking on the desired shape. 

In the meantime the hollow shaping ring 24 re- 
turns below the floating plane of the sheet of glass 
ready to repeat the cycle. 

When shaping has been completed, the mold 18 
releases the sheet of glass onto the ring 34 of the 
shuttle 16, which has positioned itself in the meantime 
under the mold 18, and the shuttle moves rapidly to- 
ward the tempering station 3 which contains opposite 
upper nozzles 46 and lower nozzles 47 that perform 
quenching of the shaped glass V, and which prefer- 
ably also performs unloading of the glass. 

After this the shuttle 16 with the ring 34 return to 
the shaping station 2, positioning themselves once 
more under the mold 18 to collect another sheet of 
glass to be tempered. 

According to an alternative embodiment of the 
apparatus according to the present invention, shown 
in figure 6, the air hearth bed is generated by nozzles 
7 fed by two separate and adjacent plenums 62 and 
63, preferably of the same size with respect to the axis 
of symmetry of the shaping station. 

The plenums rest on hinges 65 placed close to 
the vertical walls of the hot chamber 12 and on a sin- 
gle strut 64, preferably situated at the vertical axis of 
symmetry of the shaping station, the hinges 65 be- 
longing to the support frame 8 which is capable of in- 
clining in the direction of movement of the sheet of 
glass. 

Stops 66 run on guides 67 connected to the two 
plenums 62 and 63. 

The strut 64 rests on a bar 68 capable of being 
lifted by mechanical jacks 69 moved by the motor 70, 
and it is suitably hinged to the bar 68. 

The vertical lifting movement of the strut 64, 
shown in the figure in its resting position, is such as 
to allow the two plenums and therefore the air bed to 
incline by 1°-2°. 

By this solution an air bed is obtained which is ef- 
ficient both when producing large sheets of glass oc- 
cupying a substantial part of the air bed itself, and 
also when producing smaller sheets of glass which 
are worked side-by-side in pairs. 
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In the latter case, in fact, the two sheets of glass 
are brought up against the head stops, not shown in 
the figure, by means of a downward inclination of the 
two plenums 62 and 63 in the direction of movement 
of the glass. The sheets of glass are then brought up 
to the side stops by lifting of the strut 64, which in- 
clines the two plenums by 1° - 2° in a transversa! di- 
rection with respect to the direction of movement of 
the glass, so as to slide the sheets against the side 
stops and thus position them exactly with respect to 
the shaping rings 24. 

The advantage of this embodiment consists 
mainly in the fact that the manufacturing apparatus 
becomes capable of producing sheets of glass of 
varying sizes without having to change the air bed 
plane, thus obtaining a notable reduction in costs. 
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claims, in which the air hearth bed has a flat sup- 
porting surface. 

5. Apparatus as claimed in any one of the preceding 
claims, comprising a support frame (8) support- 
ing a plenum (5), said plenum feeding the nozzles 
(7) to generate the air hearth bed in the shaping 
station, characterized in that said nozzles (7) are 
higher than the radius of the ring (24) to allow said 
ring to be housed below the floating level of the 
sheet of glass. 

6. Apparatus as claimed in any one of the preceding 
claims, in which the nozzles (7) have a calibrated 
cross-section (57) with a diameter preferably 
from 2 to 8 millimeters. 



Claims 

1- Apparatus for the shaping and tempering of 
sheets of glass (V) having a complex shape, for 
use as glazing in motor vehicles, comprising a 
heating station formed by a horizontal furnace 
(1), a shaping station (2) immediately following 
said heating furnace and provided with a lower 
shaping ring and with an upper shaping mold, 
(17) positioned above and below with respect to 
the plane on which the sheets of glass move, a 
tempering station (3) provided with tempering 
nozzles (7) to effect the rapid cooling of said 
sheets of glass after shaping and with means for 
conveying and supporting said sheets of glass, 
characterized in that said means comprise, fol- 
lowing the direction of movement of the sheets of 
glass: cylindrical rollers (4) for conveying and 
supporting the sheets inside the heating furnace 
(1), an air hearth bed for supporting the sheets in 
the shaping station, and a hollow ring (24) for 
transportation in the shaping station through a 
vertical movement towards an upper shaping 
mold (18), a hollow ring (24) for transportation of 
the sheets through a reciprocating horizontal 
movement towards the tempering station and for 
support of the sheets during the tempering oper- 
ation. 

2. Apparatus as claimed in claim 1 , in which the pro- 
file of the hollowring (24) on which the edge of the 
sheet of glass rests is a continuous profile with no 
gaps. 

3. Apparatus as claimed in claim 1 or 2, in which the 
air hearth bed in the shaping station begins im- 
mediately after the outlet section-of the heating 
furnace. 

4. Apparatus as claimed in any one of the preceding 
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7. Apparatus as claimed in any one of the preceding 
claims, in which the nozzles (7) have an outlet 
section with a diameter preferably from 40 to 1 00 
millimeters. 

8. Apparatus as claimed in any one of the preceding 
claims, in which the supply pressure of the air fed 
to the nozzles (7) is preferably from 50 millibar to 
1000 millibar. 

9. Apparatus as claimed in any one of the preceding 
claims, further comprising stops (45) in the shap- 
ing station, characterized in that the support 
frame (8) of the plenum (5) feeding the nozzles (7) 
has at its bearing points respective hinges (9) and 
jack pistons (1 0) so as to allow a downward inclin- 
ation of the air bed, in the direction of movement 
of the sheet of glass, to ensure that the edge of 
the sheet of glass itself rests perfectly against 
said stops (45). 

10. Apparatus as claimed in any one of the preceding 
claims, in which the shaping ring (24) is suspend- 
ed on vertical ties (33) so as to perform a vertical 
movement of a length such as to bring it up to the 
upper shaping mold (18) until it is dose enough 
for the sheet of glass to be attracted to said mold 
by vacuum. 

11. Apparatus as claimed in any one of the preceding 
claims, characterized by a stop device compris- 
ing two pairs of elements to stop the sheet of 
glass, a first pair being formed by rods (44) which 
extend from cylinders (43) until their ends (45) 
come into contact with the front edge of the sheet 
of glass and slow it down, said rods (44) moving 
along guides (41) parallel to the outer sides of the 
hot chamber (12), to stop said sheet of glass in a 
position defined by the shaping ring (24), and a 
second pair being formed by rods (48) which ex- 
tend to come into contact with the side edges of 
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the sheet of glass to center it in a position defined 
by the shaping ring (24) positioned under the 
floating plane of the sheet of glass. 

12. Apparatus as claimed in anyone of the preceding 5 
claims, comprising nozzles (7) to produce said air 
hearth bed, two plenums (62) and (63) separated 

in correspondence with the vertical axis of sym- 
metry of the shaping station and adjacent one to 
the other, said plenums feeding said nozzles, a 10 
vertically mobile strut (64) arranged on the vert- 
ical axis of symmetry of the shaping station and 
hinges (65) arranged at the sides thereof to sup- 
port said plenums, said plenums being capable of 
inclination in a transversal direction with respect 15 
to the direction of movement of the sheets of 
glass, so as to perform.a perfect positioning of a 
pair of sheets of glass being processed together. 

13. Process for the shaping and tempering of sheets 20 
of glass having complex forms, for use as wind- 
screens for motor vehicles, comprising a heating 
step to heat the sheet of glass, a shaping step and 

a tempering step, characterized in that the sheet 
of glass moves, during the heating step, along a 25 
cylindrical roller bed, and on an air hearth bed, 
immediately after leaving the furnace, then dur- 
ing the shaping stage on a shaping ring which 
conveys it vertically toward the upper shaping 
mold, and after shaping on a ring which conveys 30 
it horizontally to the tempering station and sup- 
ports it during the tempering step. 

14. Process as claimed in claim 1 3, in which the sheet 

of glass in the shaping station is lifted vertically 35 
by the air hearth bed supporting it until it is at a 
distance from the upper shaping mold such that 
it can be attracted to said mold by vacuum, and 
in that after shaping said sheet of glass is re- 
leased onto a second shuttle ring which conveys 40 
it to the tempering station. 

15. Process as claimed in claims 13 and 14, in which 
the shaping ring returns to the shaping station af- 
ter the shaping operation and positions itself be- 45 
low the air bed floating plane to wait until the 
working cycle is repeated. 
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(57) Apparatus and process for the manufacture 
of glazing of a complex form for vehicles com- 
prising a roller heating oven (1), a supporting air 
bed (7) in the shaping section (2), a shaping ring 
(24) for conveying the sheet of glass in a vertical 
direction toward an upper shaping mold (17) 
and a ring (34) for conveying the sheet of glass 
(V) horizontally toward a tempering station (3), 
the air bed (7) being formed with frustoconical 
nozzles of such a size as to enable the shaping 
ring (24) to pass through them so as to be 
placed beneath the floating plane. 
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